Previous studies using intravascular tracers have shown that the apparent vascular volume in the cer ebellum is 10--60% higher than that in the cerebrum. We
questioned whether the extravascular volume in the cer ebellum could be accounted for by the vasculature of the pia mater that covers its highly infolded surface. Esti mates of vascular volume were made using a previously reported point-counting method. Two counts were done: one in which only intraparenchymal vessels were in cluded, and a second one in which both intraparenchymal vessels and pial vessels were included. We found no dif ferences in intraparenchymal vascular volume between Delivery of nutrients and drugs to the brain de pends on a number of factors including the density of blood vessels in the region of interest. One easily obtainable measure of vessel density is vascular volume (Vv), defined as the volume of the vascula ture as a percentage of the total tissue volume. Vas cular volume takes into account both microvessel size and density (Fenstermacher et aI., 1988) . Sev eral studies have concluded that the vascular vol ume of the cerebellum is from 10 to 60% higher than that in the cerebrum (see Table O . The methods used to measure vascular volume in these studies employed radiolabeled tracers such as e4C]inulin (LaManna and Harik, 1986) , eH]sucrose (Picozzi et aI., 1985) , 125I_serum albumin (Cremer and Seville, 1983; Pluta et aI., 1989) , and/or 51C-Iabeled red blood cells (Johanson, 1980; Cremer and Seville, 1983; Pluta et aI., 1989) . The important feature that these techniques have in common is that the tracer cerebellum and cerebrum. When the pial vessels are in cluded, however, the cerebral vascular volume increases by <6%, whereas the cerebellar vascular volume in creases by >30%. We suggest that the higher cerebellar vascular volume measured using intravascular tracers is due to inclusion of the pial vasculature. Since pial vessels do not express blood-brain barrier characteristics as prominently as intraparenchymal vessels, we further sug gest that estimates of barrier permeability in cerebellum should not be made using simple models developed for cerebral tissue. Key Words: Vascular volume-Pia mater -Cerebellum-Cerebrum-Blood-brain barrier.
has a negligible permeability across the intact blood-brain barrier, and so is confined to the vessel lumen. Therefore, the total content of tracer in the tissue is a measurement of the vascular compart ment.
Preliminary morphometric studies on intraparen chymal vessels of adult mice (J. A. Holash and P. A. Stewart, unpublished results) failed to con firm a higher vascular volume in cerebellum com pared to cerebrum. We questioned, therefore, where in the cerebellum the additional vascular tracer measured in the studies cited above could be located. In harvesting fragments of brain tissue for measurement of tracer content, the pia mater is usu ally left attached to the surface, although some au thors remove or avoid the larger pial vessels (Cre mer and Seville, 1983; Picozzi et aI., 1985; Pluta et aI., 1989) . It is difficult to remove the pia entirely from the smooth surface of the cerebrum and ex tremely difficult to remove it from the highly in folded surface of the cerebellum. It seemed possible that the apparently increased vascular volume in the cerebellum could be due to the inclusion of its rich pial vasculature. (1979) . Care was taken to include as "intravascular" only points falling within the lumen of the vessels. Points falling on the vessel walls were not considered to be hits. In the first set of counts, only in traparenchymal vessels in cerebral and cerebellar gray matter were included. In the cerebellar cortex, approxi mately equal areas of molecular and granular layers were counted. In the second set of counts, points falling on pial vessel lumina were also counted. Vascular volumes were calculated using the following formula: When the pial vasculature was included in the counts, the apparent cerebellar vascular volume was increased to 1. 13 ± 0. 17%. This represents an increase of almost 27% over the apparent cerebral vascular volume (0.89 ± 0.04%; p < 0.05), a similar increase to that found in studies using radiolabeled tracers (Table 1) . We conclude, therefore, that the apparently higher vascular volume in cerebellum measured in these studies is due to the rich vascu lature of the pia mater and not to differences in intraparenchymal vascular volume. In the cerebel lum, then, pia matters.
Pial vessels are predominantly arteries, arteri oles, veins, and venules. Capillaries are particularly sparse in the pia (Bar et aI., 1986) , whereas they constitute the majority of intraparenchymal vessels (Bar, 1978) . Blood-brain barrier features, including low nonspecific permeability (Westergaard and Brightman, 1973; Vorbrodt et aI., 198 1; Balin et aI., 1986) , 'Y-glutamyl trans peptidase (Albert et aI., 1966) , alkaline phosphatase (Vorbrodt et aI., 1981) , and catecholamine metabolic enzymes (Bertler et aI., 1966) , are expressed predominantly in capillar ies and are either absent or much less prominent in larger vessels, induding those of the pia. Because of this, simple models for interpreting vascular per meability and specific transport in the cerebrum, where pial vessels constitute <6% of the total vas culature, should be modified for use in the cerebel lum where pial vessels constitute > 30% of the total vasculature.
